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METHOD AND APPARATUS FOR
TRANSCEIVING CHANNEL TRANSMIT
POWER INFORMATION IN A WIRELESS
COMMUNICATION SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 13/814,695 filed on Feb. 6, 2013 (now U.S. Pat.
No. 9,055,593 1ssued on Jun. 9, 2015), which 1s the National
Phase of PCT/KR2011/010287 filed on Dec. 29, 2011,
which claims priority under 35 U.S.C. 119(e) to U.S. Pro-
visional Application Nos. 61/428,235 filed on Dec. 30, 2010,
61/431,434 filed on Jan. 11, 2011, 61/432,199 filed on Jan.
12,2011 and 61/435,352 filed on Jan. 24, 2011, all which are
hereby expressly incorporated by reference into the present
application.

BACKGROUND OF THE INVENTION

Technical Field

The following description relates to a method and appa-

ratus for transmitting and receiving channel transmit power
information 1n a wireless communication system.

Background Art

A standard of a wireless local area network (WLAN)
technology 1s being developed as a standard of Institute of
Electrical and Electronics Engineers (IEEE) 802.11. IEEE
802.11a and IEEE 802.11b use an unlicensed band at 2.4
GHz or 5 GHz and IEEE 802.11b provides a transier rate of
11 Mbps and IEEE 802.11a provides a transier rate of 54
Mbps. IEEE 802.11g applies Orthogonal Frequency Divi-
sion Multiplexing (OFDM) at 2.4 GHz to provide a transfer
rate of 54 Mbps. IEEE 802.11n applies multiple input
multiple output-OFDM (MIMO-OFDM) to prowde a trans-
ter rate of 300 Mbps for 4 spatial streams. IEEE 802.11n
supports a channel bandwidth of up to 40 MHz. In this case,
IEEE 802.11n provides a transfer rate of 600 Mbps.

IEEE 802.11af 1s a standard for defining operation of an
unlicensed device mn a TV whitespace (TVWS) band.

The TVWS band, which 1s a frequency band allocated to
a broadcast TV, includes an Ultra High Frequency (UHF)
band and a Very High Frequency (VHF) band. Specifically,
the TVWS band 1s a frequency band which 1s allowed to be
used by an unlicensed device under a condition that this does
not hinder communication of a licensed device that operates
in the frequency band. The licensed device may include a
TV or a wireless microphone. The licensed device may be
referred to as an incumbent user or a primary user. To
overcome the problem of coexistence of unlicensed devices,
a signaling protocol such as a common beacon frame, a
frequency mechanism, or the like may be required for the
unlicensed devices.

Operations of all unlicensed devices are permitted 1n a
band of 512-608 MHz and a band of 614-698 MHz. How-
ever, only communication between fixed devices 1s permit-
ted 1n bands of 54-60 MHz, 76-88 MHz, 174-216 MHz, and
470-512 MHz. The term “fixed device” refers to a device
that performs signal transmission only at a fixed location. An
IEEE 802.11 TVWS terminal 1s an unlicensed device that
operates, 1n the TVWS spectrum, using IEEE 802.11 media
access control (MAC) and physical (PHY) layers.

An unlicensed device that desires to use the TVWS band
should provide a function to protect licensed devices.
Accordingly, the unlicensed device should check whether or
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2

not a licensed device occupies the band belore the unli-
censed device starts signal transmission.

To accomplish this, the unlicensed device may check
whether or not the band 1s being used by a licensed device
by performing spectrum sensing. Examples of the spectrum
sensing mechanism include an energy detection scheme and
a feature detection scheme. The unlicensed device may
determine that a licensed device 1s using a specific band
when the intensity of a receirved signal i1s greater than a
specific level or when a DTV preamble 1s detected. Upon
C etermmmg that a licensed device 1s operating 1n a channel
that 1s immediately adjacent to a channel currently used by
the unlicensed device, the unlicensed device should reduce
transmit power.

In addition, an unlicensed device should access a database
(DB) through the Internet or a private network to acquire
information of a list of channels that the unlicensed device
can use 1n a corresponding region. The DB stores and
manages 1mformation of licensed devices registered in the
DB and channel usage information which dynamically
changes according to the geo-location and usage time of the
licensed devices.

In the description of this specification, the whitespace
band may include, but need not be limited to, the TVWS
described above. The term “whitespace band™ 1n this speci-
fication refers to a band 1n which operation of a licensed
device 1s preferentially allowed and operation of an unli-
censed device 1s allowed only when licensed device protec-
tion 1s provided. The term “whitespace device” refers to a
device that operates 1n the whitespace band. A device
according to the IEEE 802.11 system may be an example of
the whitespace device. In this case, the term “whitespace
device” may refer to an unlicensed device that operates
using 802.11 Medium Access Control (MAC) and Physical
(PHY) layers in the whitespace band. That 1s, a general AP
and/or STA according to the 802.11 standard which operates
in the whitespace band may be an example of the unlicensed
device.

SUMMARY OF THE

INVENTION

An unlicensed device which operates 1n the whitespace
band as described above may acquire mnformation regarding
channels available to the unlicensed device and may operate
in the whitespace band using the acquired information. Here,
when a channel for an mcumbent user 1s present 1 a
frequency adjacent to a channel available to the unlicensed
device, operation of the unlicensed device may cause inter-
ference to the channel of the incumbent user. Thus, the
transmit power ol the channel available to the unlicensed
device may be reduced to protect the incumbent user. That
1s, to remove or reduce interference caused by operation of
an unlicensed device 1n the whitespace, there 1s a need to
signal a channel available to the unlicensed device and a
transmit power limit value applied to the available channel.

Therefore, 1t 1s an object of the present imvention to
provide a method for signaling transmit power information
ol a channel available to an unlicensed device that operates
in the whitespace.

Objects of the present invention are not limited to those
described above and other objects will be clearly understood
by a person having ordinary knowledge 1n the art from the
tollowing description.

A method for transmitting maximum transmit power
information 1 a wireless communication system according
to an embodiment of the present invention to achieve the
above objects may 1nclude generating a frame 1ncluding an
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operating class field, a channel number field of each of one
or more channels, and a maximum transmit power level field
applied to each of the one or more channels and transmitting
the generated frame.

A method for receiving maximum transmit power infor-
mation 1n a wireless communication system according to
another embodiment of the present invention to achieve the
above objects may include receiving a frame including an
operating class field, a channel number field of each of one
or more channels, and a maximum transmit power level field
applied to each of the one or more channels and performing
communication through a channel corresponding to the
channel number field using a transmit power corresponding
to the maximum transmit power level field.

An apparatus for transmitting maximum transmit power
information 1n a wireless communication system according
to another embodiment of the present invention to achieve
the above objects may include a transceiver for transmitting,
a signal to a station (STA) and receiving a signal from the
STA and a processor for controlling the apparatus including
the transceiver. Here, the processor may be configured to
generate a frame including an operating class field, a channel
number field of each of one or more channels, and a
maximum transmit power level field applied to each of the
one or more channels and to transmit the generated frame
through the transceiver.

An apparatus for receiving maximum ftransmit power
information in a wireless communication system according
to another embodiment of the present invention to achieve
the above objects may include a transceiver for transmitting,
a signal to a station (STA) and receiving a signal from the
STA and a processor for controlling the apparatus including
the transceiver. Here, the processor may be configured to
receive a frame including an operating class field, a channel
number field of each of one or more channels, and a
maximum transmit power level field applied to each of the
one or more channels through the transceiver and to perform
communication through a channel corresponding to the
channel number field using a transmit power corresponding
to the maximum transmit power level field.

The following features may be commonly applied to the
embodiments of the present invention.

The one or more channels may constitute one or more
channel groups, each of the one or more channel groups may
include a plurality of individual channels, and at least a part
of the plurality of individual channels may be non-contigu-

ous 1n a frequency domain.

The frame may further include a channel group 1dentifier
field.

The maximum transmit power field may have the same
value for individual channels belonging to the same channel
group or may have an independent value for each individual
channel.

The frame may further include a number of channels field.

The frame may have a value indicating the number of
individual channels included 1n a channel group.

The operating class field may be included, as a field
commonly applied to a plurality of channels, in the frame or
may be included, as a field applied to each of the one or more
channels, 1n the frame.

The frame may include a first triple including a channel
power 1dentifier field, the operating class field, and a cov-
crage class field and a second triple including the channel
group 1dentifier field, the channel number field, and the
maximum transmit power level field, he channel power
identifier may have a value of 202 as an 1dentifier of the first
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triple, and the second triple may be repeated the same
number of times as the number of the channels.

The frame may include a first triple including a channel
power 1dentifier field, a number of channels field, and a
coverage class field and a second triple including the oper-
ating class field, the channel number field, and the maximum
transmit power level field, the channel power identifier may
have a value of 202 as an 1dentifier of the first triple, and the
second triple may be repeated the same number of times as
the number of the channels.

The frame may include a triple including the channel
number field and the maximum transmit power level field,
the channel power identifier may be an i1dentifier of a
channel group and have a value of one of 202 to 255, and the
triple may be repeated the same number of times as the
number of the channels.

The frame may include a first triple including a channel
power 1dentifier field, the operating class field, and a cov-
erage class field and a second triple including the channel
power 1dentifier field, the channel number field, and the
maximum transmit power level field, the channel power
identifier may be an 1dentifier of a channel group and has a
value of one of 202 to 255, and the first and second triples

may be repeated the same number of times as the number of
the channels.

It 1s to be understood that both the foregoing general
description and the following detailed description of the
present mvention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

According to the present invention, it 1s possible to
provide a method and apparatus for signaling transmit power
information of a channel available to an unlicensed device
that operates in the whitespace.

Advantages of the present mvention are not limited to
those described above and other advantages will be clearly
understood by a person having ordinary knowledge in the art
from the following description.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings, which are attached to this specification to
provide a further understanding of the invention, illustrate
various embodiments of the invention and together with the
description serve to explain the principle of the invention. In
the drawings:

FIG. 1 illustrates an exemplary configuration of a wireless
LAN system.

FIG. 2 illustrates another exemplary configuration of the
wireless LAN system.

FIG. 3 schematically illustrates active scanning.

FIG. 4 schematically illustrates passive scanning.

FIG. S illustrates a procedure for enabling an STA.

FIG. 6 1llustrates various examples of channel bandwidth
allocation to a whitespace device.

FIG. 7 illustrates an example of channel allocation 1n the
whitespace.

FIG. 8 illustrates another example of channel allocation 1n
the whitespace.

FIG. 9, including (a), (b), (¢) and (d), i1llustrates exem-
plary formats of a power constraint information element.

FIG. 10, including (a), (b), (¢) and (d), illustrates a format
of an extended transmit power constraint information ele-
ment.

FIGS. 11 and 12 exemplarily 1illustrate a format of a
country mformation element.
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FIG. 13, including (a) and (b), illustrates examples of a
non-contiguous channel configuration.

FIG. 14, including (a), (b) and (c), exemplanly illustrates
a format of a channel power information element to which
the present invention 1s applied.

FIG. 135 1llustrates a method of transmitting and receiving,
maximum transmit power information according to an
example of the present invention.

FIG. 16 1s a block diagram 1llustrating a configuration of
a wireless device according to an embodiment of the present
invention.

DETAILED DESCRIPTION OF TH.
INVENTION

L1l

Reference will now be made in detail to the preferred
embodiments of the present invention with reference to the
accompanying drawings. The detailed description, which
will be given below with reference to the accompanying
drawings, 1s intended to explain exemplary embodiments of
the present invention, rather than to show the only embodi-
ments that can be implemented according to the invention.
The following detailed description includes specific details
in order to provide a thorough understanding of the present
invention. However, 1t will be apparent to those skilled 1n the
art that the present invention may be practiced without such
specific details.

In some 1nstances, known structures and devices are
omitted or shown in block diagram form, focusing on
important features of the structures and devices, so as not to
obscure the concept of the present invention. The same
reference numbers will be used throughout this specification
to refer to the same or like parts.

First, a general configuration of a wireless LAN system 1s
described below with reference to FIGS. 1 and 2.

FI1G. 1 1llustrates an exemplary configuration of a wireless
LAN system.

As shown 1n FIG. 1, the wireless LAN system includes
one or more Basic Service Sets (BSSs). A BSS 1s a set of
Stations (STAs) which can communicate with each other
alter successiully achieving synchronization.

The STA 15 a logical entity that includes an interface for
a physical layer of a wireless medium and a Medium Access
Control (MAC) layer. STAs include access point (AP) and
non-AP stations. Among STAs, a mobile terminal that 1s
operated by a user may be a non-AP STA. When the term
“STA” 1s stated, 1t may refer to a non-AP STA. The non-AP
STA may also be referred to as another term such as a
terminal, a Wireless Transmit/Receive Unit (WTRU), a User
Equipment (UE), a Mobile Station (MS), a mobile terminal,
or a mobile subscriber unit.

The AP 1s an entity that provides an associated station
(STA), which 1s coupled to the AP, with a connection to a
Distribution System (DS) through a wireless medium. The
AP may also be referred to as a concentrated controller, a
Base Station (BS), a Node-B, a Base Transceiver System
(BTS), or a site controller.

The BSS may be classified into an infrastructure BSS and
an independent BSS (IBSS).

FEach BSS shown 1n FIG. 1 1s an IBSS. The IBSS 1s a BSS
that does not include an AP. Since the IBSS does not include

an AP, the IBSS 1s not allowed to connect to a DS and thus
forms a self-contained network.

FIG. 2 illustrates another exemplary configuration of the

wireless LAN system.
FEach BSS shown in FIG. 2 1s an infrastructure BSS. The
infrastructure BSS includes one or more STAs and an AP. In
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the infrastructure BSS, 1n principle, communication between
non-AP STAs 1s performed via an AP. However, when a
direct link has been established between non-AP STAs,
direction communication can be performed between the
non-AP STAs.

As shown 1n FIG. 2, a plurality of infrastructure BSSs can
be connected to each other through a DS. A plurality of BSSs
connected through a DS 1s referred to as an Extended
Service Set (ESS). STAs included in the ESS can commu-
nicate with each other. In the same ESS, a non-AP STA can
move Irom one BSS to another BSS while performing
seamless communication.

The DS 1s a mechanism which connects a plurality of APs.
The DS 1s not necessarily a network and there i1s no
limitation to the form of the DS provided that the DS can
provide a specific distribution service. For example, the DS
may be a wireless network such as a mesh network and may
also be a physical structure that connects APs to each other.

A spectrum which 1s not used by licensed devices 1is
referred to as a whitespace. The whitespace spectrum can be
used by unlicensed devices. To allow an STA to operate in
the whitespace spectrum, first, there 1s a need to provide a
protection scheme for licensed devices (or incumbent users).
A channel, which can be used by an unlicensed device since
the channel 1s not used by any licensed device, 1s referred to
as an available channel. The most basic methods for an STA
or AP to determine availability of a TV channel include a
spectrum sensing method and a method of connecting to a
database (DB) to acquire a TV channel. Information of the
DB includes information regarding, for example, a schedule
for use of a specific channel by a licensed device at a specific
location. Accordingly, when an STA or AP desires to deter-
mine availability of a TV channel, the STA or AP needs to
connect to the DB through the Internet to acquire DB
information based on location information of the STA or AP.

To connect to a network, the STA needs to search for any
network in which the STA can participate. The STA needs to
identily a compatible wireless network before participating
in the network. A procedure for identifying a network
present 1n a specific region 1s referred to as scanning.

Such scanming 1s classified into active scanning and
passive scanning.

FIG. 3 schematically illustrates active scanning.

When an STA performs scanning using the active scan-
ning scheme, the STA transmits a probe request frame in
order to search for an AP around the STA while switching
between channels and then awaits a response to the probe
request frame.

The responder transmits a probe response
frame to the STA 1n response to the probe request frame
transmitted from the STA. Here, the responder 1s an STA
which has last transmitted a beacon frame in a BSS of a
channel which 1s being scanned. In the infrastructure BSS,
an AP serves as the responder since the AP transmits a
beacon frame and, in the IBSS, the responder 1s not fixed
since STAs 1n the IBSS take turns transmitting a beacon
frame.

Referring to FIG. 3, when a scanning STA 300 transmits
a probe request frame 305, responder 1 (310) of BSS1 and
responder 2 (320) of BSS2, which have received the probe
request frame, transmit probe response frame 1 (315) and
probe response frame 2 (3235) to the scannming STA 300.
Upon receiving the probe response frame, the scanning STA
300 stores BSS related information included 1n the received
probe response Irame and shifts to a next channel and
performs scanming of the next channel using the same
method.

FIG. 4 schematically illustrates passive scanning.
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When an STA performs scanning using the passive scan-
ning scheme, the STA awaits a beacon frame while switch-
ing between channels. The beacon frame, which 1s one of the
management frames 1n IEEE 802.11, indicates presence of a
wireless network and 1s transmitted at regular intervals to
allow an STA which performs scanning to locate a wireless
network to participate 1n the wireless network. In the inira-
structure BSS, the AP serves to transmuit the beacon frame at
regular intervals.

When the STA that performs scanning has received a
beacon frame, the STA stores BSS related information in the
beacon frame and records beacon frame mnformation 1n each
channel while switching between channels.

In the example of FIG. 4, when a scanning STA 500,
which 1s performing scanning using the passive scanning
scheme, has received beacon frame 1 (415) transmitted by

AP1 (410) of BSS1 and beacon frame 2 (4235) transmitted by
AP2 (420) of BSS2 and has not recerved beacon frame 3
(435) transmitted by AP3 (430) of BSS3, the scanming STA
500 stores information indicating that the two BSSs (BSS1
and BSS2) have been found 1n the measurement channel and
shifts to another channel.

Compared to passive scanning, active scanning has an
advantage 1n that delay and power consumption are low.

The following 1s a description of a procedure for enabling
an STA for operation 1n a whitespace band.

An unlicensed device which operates 1n a whitespace
band may be classified into an enabling STA and a depen-
dent STA. The enabling STA 1s an STA which can enable the
dependent STA. Even when the enabling STA has not
received an enabling signal, the enabling STA can transmit
a signal and can initiate the network.

The enabling STA may provide geo-location information
to a database (DB) and acquire information regarding chan-
nels available at a corresponding geo-location from the DB.
The enabling STA 1s not necessarily a WLAN STA and may
be a logical entity or a network server that can provide
enabling-related services.

The dependent STA 1s an STA which can transmit a signal
only when the dependent STA has received an enabling
signal. The dependent STA 1s controlled by the enabling
STA. The dependent STA should be enabled through the
enabling STA and cannot be enabled independently.

FIG. 5 1llustrates an exemplary STA enablement proce-
dure.

IEEE 802.11y 1s a standard designed for operation of
unlicensed devices 1 a band of 3.5 GHz. The standard
describes an enabling procedure which 1s referred to as
Dynamic STA Enablement (DSE). The procedure in which
a dependent STA 1s enabled by an enabling STA may be
performed 1n a manner similar to the DSE procedure of
IEEE 802.11y. Actually, an enabling procedure applied to
whitespace may not necessarily be the same as the DSE
procedure although the dependent STA 1s basically similar to
the DSE procedure 1n that the dependent STA can transmit
a signal through the corresponding band/channel only after
the dependent STA has received an enabling signal.

As shown 1n FIG. 5, the enabling STA may transmit a
probe response Irame or a beacon including an enabling
signal to the dependent STA (S510). The enabling signal 1s
a signal indicating that enabling is possible. In the example
of FIG. 5, a beacon or a probe response frame including an
enabling signal element serves as an enabling signal. The
dependent STA, which has received and decoded the
enabling signal, transmits an enablement request frame to
the enabling STA using a channel in which the enabling
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signal has been received (S520) and receives an enablement
response frame from the enabling STA (S530).

Configuration of Available Channel Information

In order for an unlicensed device which 1s not an incum-
bent user to operate 1n the whitespace, the unlicensed device
may acquire information (1.e., available channel informa-
tion) regarding channels which do not cause interference to
the mcumbent user at a specific location and may operate
according to the available channel information so as to
protect the incumbent user. The available channel informa-
tion may include an available channel list which 1s a set of
one or more available channels.

The available channel information that the enabling STA
acquires from the DB as described above and/or the avail-
able channel information (or the available channel list) that
the dependent STA acquires from the enabling STA may be
provided 1n the form of a White Space Map (WSM). The
WSM may be transmitted and received between STAs as 1n
the example of FIG. 5 or may be provided through a Channel

Availability Query (CAQ) request/response.

Which channel can be used by an AP and/or STA that
operates 1n the whitespace may be determined from the
WSM. However, to allow the AP and/or STA to operate
without causing interference to other users, there 1s a need
to additionally determine the size of a channel bandwidth to
be used or a transmit power limit value to be used according
to the channel bandwidth. To accomplish this, the present
invention suggests various methods for signaling a transmit
power limit value according to the channel bandwidth of an
unlicensed device (for example, AP and/or STA) which
operates 1n the whitespace.

First, a configuration of a channel 1n the whitespace band
1s described below as an example. The following description
1s given with reference to the case in which the whitespace
band 1s a TVWS band as an example. However, 1t should be
noted that the scope of the present invention i1s not limited
to operations associated with an unlicensed device 1n the
TVWS and may be applied to operations associated with an
unlicensed device 1n a general whitespace. The TVWS may
include conventional VHF and UHF bands, devices such as
an AP and an STA that operate in the TVWS (which are
referred to as TV Band Devices (TVBDs)) may use about 30
channels, and the bandwidth of one channel may be basi-
cally i units of 6 MHz. To allow a TVDB to use a TVWS
channel, 1t 1s required that no imncumbent user be present 1n
the channel. In addition, since the bandwidth of a channel
used by the mcumbent user 1s 1 units of 6 MHz, the
bandwidth of a channel used by the TVDB needs to be equal
to or less than 6 MHz. Here, since the IEEE 802.11a system
supports a channel bandwidth of 5 MHz/10 MHz/20 MHz,
5 MHz may be used as a basic channel bandwidth 1n
operation of the TVDB. The bandwidth of a channel which
can be used by the TVDB may be 10 MHz or 20 MHz
depending on the number of contiguous channels 1n which
no imcumbent user 1s present in the TVWS.

FIG. 6 1llustrates various examples of channel bandwidth
allocation 1 a whitespace band. Specifically, FIG. 6(a)
illustrates examples 1n which a channel bandwidth includes
contiguous channels and FIG. 6(b) 1llustrates examples 1n
which a channel bandwidth includes non-contiguous chan-
nels. Channel allocation of FIG. 6 1s merely exemplary and
allocation of a channel bandwidth to an unlicensed device 1n
the whitespace band may be performed in other manners.

A channel and a bandwidth that are used by an unlicensed
device may be determined taking into consideration the
following. When channels in which no icumbent user 1s
present are contiguously present, it 1s generally advanta-
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geous that the unlicensed device uses a channel having a
wider bandwidth. However, to increase a channel bandwidth
for communication of an unlicensed device i the
whitespace, 1t 1s necessary to additionally take into consid-
eration Federal Communications Commission (FCC) regu-
lations for adjacent channels. The FCC defines regulations
that should be followed 1n communication 1n the whitespace
band for network stability, security, or the like and a device
that does not follow the FCC regulations should be prohib-
ited from operating in the whitespace band. According to the
FCC regulations, when a signal of an mcumbent user is
detected 1n a channel immediately adjacent to a channel
which 1s currently used by an unlicensed device, the unli-
censed device should reduce the transmit power of the
currently used channel.

FIG. 7 1illustrates an example of channel allocation 1n a
whitespace band. Here, the term channels adjacent to a
channel refers to channels immediately adjacent to the
channel at both ends of the channel (1.e., at the high and low
frequency sides of the channel). In FIG. 7 adjacent channels
are shown at both sides of a channel that 1s being used by an
unlicensed device. The maximum transmit power level of
the unlicensed device 1s about 100 mW only when no
incumbent user 1s present in the channels adjacent to the
channel used by the unlicensed device. However, the maxi-
mum transmit power level of the unlicensed device may be
limited to 40 mW when an incumbent user 1s present in the
channels adjacent to the channel used by the unlicensed
device as shown in FIG. 7.

For example, the unlicensed device may use a band of 18
MHz (=6 MHzx3) when 3 contiguous whitespace channels
are empty (1.e., no incumbent user 1s present 1n the 3
contiguous whitespace channels) as 1n the example of FIG.
3. When the 3 contiguous whitespace channels are empty,
the unlicensed device can use a channel bandwidth of 10
MHz since the unlicensed device uses bandwidths of 5
MHz/10 MHz/20 Hz. The {fact that the 3 contiguous
Whitespace channels are empty indicates that an incumbent
user 1s present in channels at both sides of the 3 contiguous
channels (1.e., an imncumbent user 1s present in the adjacent
channels of FIG 7). In this case, i the unlicensed device
performs communication of a bandwidth of 10 MHz using
the 3 contiguous whitespace channels, the transmit power of
the unlicensed device needs to be limited to 40 mW 1n order
to protect the incumbent user at the adjacent channels. Even
when the 3 contiguous whitespace channels are empty, 100
mW may be used as the maximum transmit power 1f the
unlicensed device performs communication of a bandwidth
of 5 MHz within the central whitespace channel among the
3 contiguous whitespace channels since no imncumbent user
1s present 1n the adjacent channels.

FI1G. 8 1llustrates another example of channel allocation in
the whitespace. Specifically, FIG. 8 illustrates an example in
which a channel bandwidth of 5 MHz, 10 MHz, or 20 MHz
1s allocated to an unlicensed device when 5 whitespace
channels are empty (1.e., when 5 whitespace channels are not
used by any incumbent user). When the unlicensed device
performs signal transmission using a bandwidth of 5 MHz,
it 1s possible to perform transmission using high transmuit
power (for example, 100 mW) since only a part of CH3 1s
allocated to the unlicensed device and no incumbent user 1s
present in the adjacent channels. In addition, when the
unlicensed device performs signal transmission using a
bandwidth of 10 MHz, 1t 1s possible to perform transmission
using high transmit power (for example, 100 mW) since the
entirety of CH3 and part of CH2 and CH4 are allocated to
the unlicensed device and no incumbent user 1s present in the
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adjacent channels. However, when the unlicensed device
performs signal transmission using a bandwidth of 20 MHz,

the transmit power of the unlicensed device 1s limited to 40
mW since all of CH2, CH3, and CH4 and part of CHI1 and
CHS5 are allocated to the unlicensed device and no incum-
bent user 1s present in channels adjacent to CH1 and CHS5.

An environment in which it 1s advantageous that trans-
mission 1s performed with a low power level using a wide
bandwidth and an environment in which it 1s advantageous
that transmission 1s performed with a high power level using
a narrow bandwidth may be different as described above.
Generally, 1t may be advantageous that a wider bandwidth 1s
used for the unlicensed device since the amount of data that
can be transmiftted at a time increases the bandwidth
increases. On the other hand, if the transmit power level 1s
reduced, coverage may be reduced and a hidden node
problem or the like may occur. The hidden node problem 1s
the problem that a node (device) 1s invisible to other nodes
(devices) that communicate with a wireless AP although the
node 1s visible to the wireless AP. When a channel for
operation of the unlicensed device 1s determined, whether or
not an incumbent user 1s present 1n channels adjacent to the
channel may vary according to the location and bandwidth
of the channel and the transmit power of the unlicensed
device may be limited accordingly and therefore there 1s a
need to determine, taking into consideration such facts, the
location and bandwidth of the channel which are advanta-
geous for operation of the unlicensed device while reducing
interference to an incumbent user.

The transmission band of an unlicensed device which
operates 1n the whitespace (for example, an 802.11 AP
and/or STA) may be set appropniately according to an
environment. This may be referred to as a bandwidth adap-
tation mechanism. In the following description of the pres-
ent 1nvention, 1t 1s assumed that such adaptive bandwidth
determination can be performed for an unlicensed device
(AP and/or STA) which operates 1n the whitespace.

When such unlicensed device bandwidth allocation 1s
performed, there 1s a need to appropriately set a maximum
transmit power level for each allocated bandwidth. An
extended power constraint mmformation element may be
defined 1n order to signal information regarding the maxi-
mum transmit power level for each channel bandwidth used
by the unlicensed device.

FIG. 9 illustrates exemplary formats of a power constraint
information element.

FIG. 9(a) illustrates an exemplary format of the power
constraint information element. Siumilar to that defined 1n the
IEEE 801.11 WLAN standard, the power constraint infor-
mation element 1n the example of FIG. 9(a) may include an
clement ID field (having a length of 1 octet), a length field
(having a length of 1 octet), and a local power constraint
field (having a length of 1 octet). The element ID field may
have a value corresponding to an identifier indicating that
the information element 1s a power constraint information
clement. The length field may have a value indicating the
length of fields after the length field and may be set to a
value of 1 1n this example. The local power constraint field
may have a value indicating setting of transmit power
applied to an STA. The embodiments of the present inven-
tion are described assuming that such values are expressed
in units of dBm. The information element may be transmiut-
ted within a beacon frame, a probe response frame, or the
like.

FIG. 9(b) 1llustrates an extended power constraint infor-
mation element suggested in the present invention.
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In the example of FIG. 9(b), an element ID field of the
extended power constraint information element may have a
value indicating that the information element 1s an extended
power constraint information element and a length field may
have a value of n. The value n may be set differently in
vartous examples described below. The extended power
constraint information element may include a channel power
constraint field which may be repeated once or more. Using
the information element as 1n the example of FIG. 9(b), a
maximum transmit power level may be signaled according
to a channel bandwidth. Such setting of different maximum
transmit power according to the channel bandwidth includes
two cases. The first 1s determination of the maximum
transmit power level according to the size of the channel
bandwidth and the other i1s determination of the maximum
transmit power level according to channel number (1.e., the
location of the channel).

FIG. 9(c) illustrates an exemplary detailed format of the
channel power constraint ficld 1n the extended power con-
straint information element format of FIG. 9(b). In this
example, the maximum transmit power level 1s determined
according to the size of the channel bandwidth. The channel
bandwidth field may have a value indicating the size of the
channel bandwidth, 1.e., a value of 5 MHz, 10 MHz, or 20
MHz and the local power constraint field may have a value
indicating a maximum transmit power that 1s applied to the
bandwidth size. For example, when a maximum transmit
power limit value for each of 5 MHz, 10 MHz, and 20 MHz
1s signaled, the channel power constraint field in the
extended power constraint information element format of
FIG. 9(b) may be configured such that a pair of the channel
bandwidth field and the local power constraint field of FIG.
9(c) 1s repeated 3 times.

When the maximum transmit power limit value 1s set
according to the size of the bandwidth 1n such a manner, the
same maximum transmit power may be set for all channels
included in the bandwidth. For example, in the example of
FIG. 8, the maximum transmit powers for CH2 to CH4 may
all be set to 100 mW when a bandwidth of 10 MHz 1s
allocated and the maximum transmit powers for CHI1 to
CHS5 may all be set to 40 mW when a bandwidth of 20 MHz
1s allocated.

FIG. 9(d) illustrates an exemplary detailed format of the
channel power constraint field 1n the extended power con-
straint information element format of FIG. 9(b). In this
example, a maximum transmit power level 1s individually
determined according to channel number. For example,
when 5 channels are empty in the whitespace as 1n the
example of FIG. 8, an AP that operates 1n the whitespace
may set the maximum transmit power to 40 mW for each of
CHI1 and CH3S and may set the maximum transmit power to
100 mW for each of CH2, CH3, and CH4. In this case, the
transmit power of an STA that operates in the whitespace
may be limited to 40 mW when the STA performs trans-
mission through CHI1 and/or CHS and the transmit power
may be allowed up to 100 mW when the STA performs
transmission through CH2, CH3, and/or CH4.

While one transmit power value 1s applied within the
bandwidth used by the unlicensed device 1n the example of
FIG. 9(c), an individual transmit power value may be
applied for each channel regardless of the size of the
bandwidth used by the unlicensed device 1n the example of
FIG. 9(d). For example, when the unlicensed device uses a
bandwidth of 20 MHz in the example of FIG. 8, the
maximum transmit power may be set to 100 mW for each of
CH2, CH3, and CH4 and the maximum transmit power may

be set to 40 mW for CH1 and CHS5.
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The channel number in the example of FIG. 9(d) may
indicate the number of a channel at which a center frequency
of a specific channel 1s located. In this case, the channel
number may indicate the location of the center frequency of
a bandwidth having a specific size. For example, “CH3” 1n
the example of FIG. 8 may indicate that the center frequency
of a channel having a bandwidth of 5 MHz 1s located at CH3
or may indicate a bandwidth of 10 MHz whose center
frequency 1s located at CH3. Accordingly, to correctly apply
transmit power constraints, there 1s a need to signal infor-
mation regarding the size of the channel bandwidth together
with the channel number (1.e., the location of the center
frequency). Examples of a detailed configuration of the
channel power constraint field 1n the extended transmit
power constraint information element 1n this case are
described below with reference to FIG. 10.

FIG. 10(a) 1llustrates an exemplary detailed format of the
channel power constraint field 1n the extended power con-
straint mnformation element format of FIG. 9(b). In this
example, the maximum transmit power level 1s determined
according to the channel number (i.e., the location of the
center frequency) and the channel bandwidth. In FIG. 10(a),
a channel number field indicates the location of a center
frequency of a channel bandwidth to which a transmit power
limit value 1s applied. The channel number field 1n this
specification corresponds to identifier information for dis-
criminating one channel from other channels (1.e., an 1den-
tifier indicating a channel as a minimum unit as denoted by
CHI1, CH2, CH3, CH4, or CH5 1n the example of FIG. 8)
and 1s different from a number of channels field which
indicates the number of channels as described below. A
channel bandwidth field indicates the size of the bandwidth
and a local power constraint field indicates a transmit power
limit value applied 1n a frequency region which 1s specified
by the location of the center frequency and the size of the

bandwidth.

FIG. 10(b) illustrates a modified example of FIG. 10(a)
for the case 1n which non-contiguous channels are allocated
to an unlicensed device. For example, when a channel of 20
MHz 1s configured, the channel may consist of 2 non-
contiguous segments, each having a bandwidth size of 10
MHz. In this case, for each of the segments, there 1s a need
to signal a channel number (the location of the center
frequency) and a bandwidth size information together with
a transmit power limit value. When a channel bandwidth
allocated to an unlicensed device consists of 2 segments, the
3 fields of FIG. 10(b) may be repeated the same number of

times (1.e., twice) as the number of segments.
FIG. 10(c) 1llustrates a modified example of FIG. 10(a)

for the case 1n which non-contiguous channels are allocated
to an unlicensed device and each segment has the same
bandwidth. In this case, a channel bandwidth field does not
need to be repeated and may be interpreted as a value
commonly applied to all segments. That 1s, since 1t 1s only
necessary to signal a channel number (1.¢., the location of the
center frequency) and a maximum transmit power value for
cach segment, only the channel number field and the local
power constraint field may be repeated the same number of
times as the number of segments as shown in FIG. 10(c¢).
FIG. 10(d) illustrates a modified example of FIG. 10(a)
for the case 1n which non-contiguous channels are allocated
to an unlicensed device and each segment has the same
bandwidth and the same transmit power limit value. In this
case, the channel bandwidth field and the local power
constraint field do not need to be repeated and may be
interpreted as a value commonly applied to all segments.
That 1s, since i1t 1s only necessary to signal the channel
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number (1.e., the location of the center frequency) for each
segment, only the channel number field may be repeated the
same number of times as the number of segments as shown
in FIG. 10(d).

Method of Signaling Maximum Transmit Power Informa-
tion

As described above, a maximum transmit power limit
value 1 a channel bandwidth allocated to an unlicensed
device 1n the whitespace may be signaled taking into con-
sideration the location or size of the channel bandwidth
allocated to the unlicensed device, presence or absence of an
incumbent user 1 adjacent channels, or the like. Such a
maximum transmit power signaling method may be applied
when an unlicensed device operates 1n one country. How-
ever, regulations on the maximum allowable transmit power
are applied differently to each country. Accordingly, there 1s
a need to signal the maximum allowable transmit power for
cach country.

FIG. 11 exemplarily illustrates a format of a country
information element. The country information element 1s an
information element including information items required
for an STA to i1dentily regulatory domain at which the STA
1s located and to perform setting for operation in the regu-
latory domain. Here, the information element may corre-
spond to components of a management frame body. A
general MAC frame format may include a frame header, a
frame body, and a Frame Check Sequence (FCS).

In the example of FIG. 11, an Element ID field may have
a value corresponding to an identifier indicating that the
information element 1s a country information element. The
Length field may have a value indicating the length of fields
after the Length field. The Country String field, which
indicates the country, 1s set to a value included 1n a
dotl1CountryString attribute and has a length of 3 octets.
The Country Field Triplets field has a length of a multiple of
3 octets (1.e., a 3-octet field may be repeated once or more)
and details of the Country Field Triplets field are described
below with reference to Table 1. The term ““triplet” or
“triple” 1n this specification has the same meaning and
indicates a single unit that consists of a group of 3 octets. A
Pad field has a length of O or 1 octet. Since the length of the
country mformation element should be divided by 2, a Pad
field may be used to add a length of 1 octet 1f the length
before the Pad field has a length of odd octets. The value of
the Pad field 1s O.
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The following Table 1 illustrates a configuration of a
Country Field Triplets field.

TABLE 1

274 Octet 379 Qctet

Name 1%% Octet

Operating Extension Operating Class Coverage Class
Identifier (201)

First Channel
Number

Operating Triple

Number of Maximum

Sub-band Triple

Channels Transmit Power

Level

The first octet of the Country Field Triplets field includes
a First Channel Number/Operating Extension Identifier
field. That 1s, when the value of the first octet (First Channel
Number/Operating Extension Identifier field) 1s 201, the
Country Field Triplets field includes an Operation Extension
Identifier field, an Operating Class field, and a Coverage
Class field and these 3 fields may be collectively referred to
as an operating triple. When the value of the first octet (First
Channel Number/Operating Extension Identifier field) 1s not
201, the Country Field Triplets field includes a First Channel
Number field, a Number of Channels field, and a Maximum
Transmit Power Level field and these 3 fields may be
collectively referred to as a sub-band triple.

The first octet of the operating triple corresponds to an
identifier indicating that the triple 1s an operating triple and
the second and third octets correspond respectively to the
Operating Class field and the Coverage Class field.

The Operating Class field serves as an index indicating,
one of a plurality of sets of rules (or regulations) established
to be applied to wireless devices. For example, one set of
rules may include a channel starting frequency, a channel
spacing, a channel set, and a behavior limit set (or an
operation limit set). That 1s, the Operating Class field may
indicate a predetermined group of channels, each of which
1s defined by a specific frequency, a bandwidth, and a
channel number. Simply stated, the Operating Class field
may be considered a group of channels specified according
to a predetermined rule. For example, 1n the case of United
States, the Operating Class field may be determined as
shown 1n the following Table 2.

TABLE 2
Global
operating
class (see
Table E-4  Channel
(Global starting Channel
Operating operating frequency  spacing
class classes)) (GHz) (MHz) Channel set Behavior limits set
1 115 5 20 36, 40, 44, 4% NomadicBehavior
2 118 5 20 52, 56, 60, 64 NomadicBehavior
3 124 5 20 149, 153, 157, 161 NomadicBehavior
4 121 5 20 100, 104, 108, 112, NomadicBehavior
116, 120, 124, 128,
132, 136, 140
5 125 5 20 149, 153, 157, 161, LicenseExemptBehavior
165
31 127 5 40 153, 161 LicenseExemptBehavior,
PrimaryChannelUpperBehavior
32 83 2.407 40 1-7 LicenseExemptBehavior,

PrimaryChannelLowerBehavior
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TABLE 2-continued
Global
operating
class (see
Table E-4  Channel
(Global starting Channel
Operating operating frequency  spacing
class classes)) (GHz) (MHz) Channel set
33 84 2.407 40 5-11

16

Behavior limits set

LicenseExemptBehavior,

PrimaryChannelUpperBehavior

Reserved Reserved Reserved Reserved

34-255

Next, the Coverage Class field serves as an index indi-
cating a value associated with an air propagation time.

The first octet of the sub-band triple corresponds to a First
Channel Number field, the second octet corresponds to a
Number of Channels field, and the third octet corresponds to
a maximum transmit power level. That 1s, a maximum
transmit power level associated with a specific channel may
be signaled through the sub-band triple. Here, a channel to
which the maximum transmit power level 1s applied 1s
specified only by mnformation (First Channel Number field)
regarding the starting point and information (Number of
Channels field) regarding the number of included channels.
That 1s, the same maximum transmit power level may be set
in units of contiguous channels.

For example, a Country Field Triplets field of FIG. 11 may
include a sub-band triple subsequent to an operating triple
(N=2 1 FIG. 11 1 this case). Accordingly, imnformation
regarding an operating class of a wireless device (which
includes information regarding a channel set) 1s provided
through the operating triple and the maximum transmit
power level of contiguous channels may be signaled through
the sub-band triple.

FI1G. 12 1llustrates the configuration of the Country Field
Trnplets field of FIG. 11, which 1s described above with
reference to Table 1, together with the remaining fields of the
country mformation element.

In the case 1n which contiguous channels are allocated to
an unlicensed device, 1t may be appropriate that the maxi-
mum transmit power level of the channels 1s signaled using
the country information element as shown 1n FIG. 11 or FIG.
12. However, the country information element as shown 1n
FIG. 11 or FIG. 12 may be mappropriate to signal the
maximum transmit power level of non-contiguous channels.
For example, 1n the case in which the maximum transmuit
power level of non-contiguous channels 1s signaled using the
country mformation element, information defining an oper-
ating class, a channel set, or the like of each non-contiguous
channel needs to be signaled to signal the maximum transmuit
power level for the channel set of the operating class. For
example, 1n the case 1n which 10 channels are present and
the channels are grouped into pairs of channels, each con-
stituting a single non-contiguous channel, the number of all
possible combinations thereof 1s 36. Accordingly, to signal
the maximum transmit power level of a non-contiguous
channel using a conventional country mformation element,
it 15 necessary to predefine operating classes and channel
sets corresponding to all possible configurations of a non-
contiguous channel such that it 1s possible to signal the
maximum transmit power level of a specific one of the
predefined channel sets.

In the case of non-contiguous channels, predefining all
configurable channel sets 1n the form of a table as described
above may waste resources or may be impossible when
available resources are restricted since the number of pos-
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Reserved

sible configurations 1s too great. Even when operating
classes and channel sets corresponding to all possible con-
figurations are predefined in the case of non-contiguous
channels, indexing a specific operating class and a specific
channel set among the predefined operating classes and
channel sets may significantly increase signaling overhead.
Accordingly, there 1s a need to provide a method of efli-
ciently and correctly signaling the maximum transmit power
level even for the case of the non-contiguous channel
configuration. To accomplish this, the present invention
suggests a new format for signaling the maximum allowable
transmit power for various cases including a non-contiguous
channel configuration. Various examples of the method of
the present invention are described below.

The following Table 3 illustrates a new country field
triples format according to an embodiment of the present
invention.

TABLE 3
Name 1% Octet 274 Octet 37 Octet
Channel Power Channel Power Operating Coverage Class
Triple Identifier (202) Class
Sub-channel Channel Index Channel Maximum
Triple Number Transmfit

Power Level

Operating Extension Operating Class Coverage Class

Identifier (201)

Operating Triple

Sub-band Triple  First Channel Number of Maximum
Number Channels Transmit Power
Level

Unlike the country field triples (see Table 1), the present
invention newly defines a channel power triple and a sub-
channel triple. A country information element which
includes only a conventional operating triple and a conven-
tional sub-band triple 1s inethciently for channels which are
non-contiguously configured although the country informa-
tion element 1s suthicient to signal the maximum allowable
transmit power of contiguous channels. Using a channel
power triple and a sub-channel triple suggested 1n the
present invention, 1t 1s possible to efliciently signal the
maximum allowable transmit power even for non-contigu-
ous channels.

In the example of Table 3, the channel power triple may
be used to indicate that the channel to which the maximum
allowable transmit power 1s applied 1s a non-contiguous
channel when the maximum allowable transmit power 1s
signaled through a country iformation element. A sub-
channel triple may be added subsequent to the channel
power triple and may be used to indicate the maximum
allowable transmit power level for a non-contiguous chan-
nel.

Specifically, whether or not the Country Field Triplets
field (see F1G. 11) 1s a channel power triple may be indicated




US 9,769,774 B2

17

using the value of a Channel Power Identifier field which 1s
the first octet. For example, as shown 1n Table 3, when the
value of the Channel Power Identifier field 1s 202, this may
indicate that the Country Field Triplets field 1s a channel
power triple. The second octet of the channel power triple 1s
an Operating Class field and the third octet 1s a Coverage
Class field. The Operating Class and Coverage Class fields
of the channel power triple correspond to an operating class
and a coverage class belonging to channels indicated by a
sub-channel triple subsequent to the channel power triple.
Through the channel power triple defined as described
above, 1t 1s possible to indicate an operating class or the like
to which channels to which the subsequent sub-channel
triple 1s applied belong (where channels to which the sub-
channel triple 1s applied may be all or part of the channels
corresponding to the operating class of the channel power
triple) and 1t 1s possible to indicate that non-contiguous
channels have been configured. A sub-band triple cannot
follow the channel power triple but instead a sub-channel
triple may follow the channel power triple.

The sub-channel triple includes a Channel Index field, a
Channel Number field, and a Maximum Transmit Power
Level field. The Channel Index field may be used as a value
identifying a single non-contiguous channel to which the
sub-channel triple 1s applied. Here, the non-contiguous
channel includes channels which are not adjacent to each
other and the term “channels” refers to minimum units that
are 1dentified as respective channel numbers. FIG. 13 1llus-
trates examples of a non-contiguous channel configuration.
In the examples of FIG. 13, one channel index (CH index)
1s assigned to one non-contiguous channel (which 1s a unit
including channels which are not adjacent to each other). In
the example of FIG. 13(a), a non-contiguous channel which
1s assigned CH index 0 includes channels CH1 and CH3 and
a non-contiguous channel of CH index 1 includes channels
CH4 and CH6. In the example of FIG. 13(b), one non-
contiguous channel includes channels which are not adjacent
to each other and channels which are adjacent to each other.
That 1s, the example of FIG. 13(5), a non-contiguous chan-
nel of CH index O includes channels CH1 and CH3 and a
non-contiguous channel of CH index 1 includes channels
CH6, CHS, and CH9. Thus, one non-contiguous channel
may be considered a unit indicating one channel group
including channels which are not adjacent to each other. A
single non-contiguous channel unit may be 1dentical to an
available channel unit which can be allocated to an STA.
From the viewpoint of this, individual channels belonging to
one non-contiguous channel may be expressed as being
bonded to each other. Here, 1t 1s to be noted that the channel
indices and channel numbers of FIG. 13 are merely exem-
plary and a non-contiguous channel may be configured in
various forms.

As described above, the Channel Index field in the sub-
channel triple mdicates one non-contiguous channel and,
when 2 channels constitute a single non-contiguous channel,
respective channel index values 1n the sub-channel triple for
the 2 channels need to be the same. When the channel index
values of the sub-channel triple are different, this indicates
that the sub-channel triple 1s associated with diflerent non-
contiguous channels. In the example of FIG. 13(a), channels
CHI1 and CH3 constitute one non-contiguous channel and,
when the channel index value 1s 0, this indicates that the
sub-channel triple 1s associated with channels of channel
index 0.

Next, a Channel Number field which 1s the second octet
of the sub-channel triple indicates a number of each channel
(which 1s a mimmimum unit as a component of a non-
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contiguous channel). In addition, a Maximum Transmit
Power Level field which 1s the third octet of the sub-channel
triple mndicates a maximum allowable transmit power value
of the channel.

The following Table 4 illustrates an exemplary channel
power triple and an exemplary sub-channel triple when a
maximum allowable transmit power of a non-contiguous
channel among channels belonging to a channel group
corresponding to coverage class #0 and operating class #0 1s
signaled in the case 1n which a country information element,
which 1s newly defined 1n the present invention as shown in

Table 3, 1s used.

TABLE 4
1% Octet 279 Octet 379 Qctet
Channel Power Identifier 0 0
(202)
0 1 100 mW
0 3 100 mW
1 4 40 mW
1 6 40 mW

In the example of Table 4, 3 octets are repeated a total of
5 times. Specifically, the first row of Table 4 corresponds to
a channel power triple and the second to fifth rows indicate
that a sub-channel triple 1s included four times. An operating
triple and a sub-band triple may be included after the last
sub-channel triple in Table 4 although not shown in Table 4.

In the example of Table 4, the first octet (channel power
identifier) of the channel power triple has a value of 202 to
identify the triple as a channel power triple and the second
and third octets may be used to indicate that the operating
class and the coverage class are operating class O and
coverage class 0. Table 4 shows an example 1 which 4
sub-channel triples are included after the channel power
triple and information regarding the maximum allowable
transmit power applied to 2 non-contiguous channels 1s
signaled through the sub-channel triple.

Table 4 also shows exemplary signaling of the maximum
allowable transmit power for the case in which the first
non-contiguous channel includes channels 1 and 3 (CH1 and
CH3) and the second non-contiguous channel includes chan-
nels 4 and 6 (CH4 and CH6) as 1n the example of FIG. 13(a).
That 1s, in the case in which a sub-channel triple 1s config-
ured as shown 1n Table 4, it 1s possible to signal that the
channels CH1 and CH3 belong to one non-contiguous
channel (i.e., CH 1ndex 0) and the channels CH4 and CH6
belong to the other non-contiguous channel (1.e., CH index
1) without additional signaling of the non-contiguous chan-
nel configuration.

In the example of Table 4, a maximum transmit power of
100 mW 1s commonly signaled for CH mndex 0 (CH1 and
CH3) and a maximum transmit power of 40 mW 1s com-
monly signaled for CH index 1 (CH4 and CHS6). That 1s, a
maximum transmit power may be signaled for each non-
contiguous channel (or for each channel index). However,
the present invention 1s not limited to this example and a
maximum transmit power may be signaled for each channel

(or for each channel number). That 1s, diflerent maximum
transmit powers may be signaled for channels (channel
numbers) belonging to one non-contiguous channel (or one
channel index).

Table 4 illustrates a new country field triples format
according to another embodiment of the present invention.
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TABLE 5
Name 1%° Octet 274 Octet 379 QOctet
Channel Power Channel Power Number of Coverage Class
Triple Identifier (202) Channel
Sub-channel Operating Class Channel Maximum
Triple Number Transmit

Power Level

Operating Extension Operating Class Coverage Class

Identifier (201)

Operating Triple

Sub-band Triple  First Channel Number of Maximum
Number Channels Transmit Power
Level

According to the example of Table 5, a sub-channel triple
may be added after a channel power triple to signal the
maximum allowable transmit power of a non-contiguous
channel. Unlike the example of Table 3, the example of
Table 5 may also be applied to the case 1n which individual
channels which are components of one non-contiguous
channel belong to different operating classes. That 1s, while
the example of Table 3 1s limited to the case 1n which a
non-contiguous channel 1s constructed of channels belong-
ing to one operating class, the example of Table 5 can
support the case 1 which one non-contiguous channel 1s
constructed of a plurality of individual channels even when
the operating classes of the individual channels are different.

First, when the value of the first octet (channel power
identifier) 1s a specific value (for example, 202), this may
identily the corresponding triple as a channel power triple.
A Number of Channels field which 1s the second octet of the
channel power triple indicates the number of individual
channels which constitute one non-contiguous channel. For
example, when the value of the Number of Channels field 1s
N, N sub-channel triples subsequent to the channel power
triple may signal maximum transmit power values of N
individual channels belonging to one non-contiguous chan-
nel. A Coverage Class field which 1s the third octet of the
channel power triple serves as an index indicating a set of
values associated with air propagation time of the non-
contiguous channel.

A sub-band triple cannot follow the channel power triple
and a sub-channel triple may be repeated N times. The
maximum allowable transmit powers of individual channels
as components of one non-contiguous channel may be
signaled through the N sub-channel triples.

As shown 1n Table 5, a sub-channel triple may include
Operating Class, Channel Number, and Maximum Transmuit
Power Level fields. The Operating Class and Channel Num-
ber fields of the sub-channel triple indicate an operating
class to which an individual channel as a component of one
non-contiguous channel belongs and a channel number of
the individual channel. The Maximum Transmit Power
Level field of the sub-channel triple indicates the maximum
allowable transmit power that 1s applied to the individual
channel corresponding to the Channel Number field. Here,
since the value of the Maximum Transmit Power Level field
may be signaled for each individual channel, the same
maximum transmit power or different maximum transmit
powers may be given for N individual channels belonging to
one non-contiguous channel.

In the example of Table 3, 1t 1s possible to consider the
case 1 which a plurality of non-contiguous channels 1is
present. For example, 1 first non-contiguous channel may be
constructed of N individual channel(s) and a second non-
contiguous channel may be constructed of K individual
channel(s). In this case, sub-channel triple(s) corresponding
to a value (for example, a value of N) of the Number of
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Channel field of the channel power triple may indicate the
maximum allowable transmit power of individual channel(s)
belonging to one non-contiguous channel (the first non-
contiguous channel). In addition, sub-channel triple(s) pres-
ent subsequent to the N sub-channel triple(s) may indicate
the maximum allowable transmit power of the other non-
contiguous channel (the second non-contiguous channel).
Alternatively, one channel power triple (with a Number of
Channel field having a value of N) and N subsequent
sub-channel triple(s) may indicate the maximum allowable
transmit power ol individual channels belonging to the first
non-contiguous channel and a new channel power triple
(with a Number of Channel field having a value of K) and
K subsequent sub-channel triple(s) may be included subse-
quently to indicate the maximum allowable transmit power
of individual channels belonging to the second non-contigu-
ous channel.

Table 6 illustrates a new country field triples format
according to another embodiment of the present invention.

TABLE 6
Name 1%° Octet 274 Octet 374 Qctet
Operating Triple  Operating Operating Coverage Class
Extension Identifier Class
(201)
Sub-band Triple  Channel Power Channel Maximum
Identifier (202-255) Number Transmit

Power Level
Operating Extension Operating Class Coverage Mass

Identifier (201)

Operating Triple

Sub-band Triple  First Channel Number of Maximum
Number Channels Transmit Power
Level

The example of Table 6 shows a method of signaling a
maximum allowable transmit power value of a non-contigu-
ous channel through modification of a conventional operat-
ing triple and a conventional sub-band triple (see Table 1)
rather than defining a new channel power triple and a new
sub-channel triple as in the example of Table 3. In other
words, the example of Table 6 may be considered a method
of selecting a channel index value from the range of 202 to
255 1n the example of Table 3.

Specifically, in the example of Table 6, the operating triple
may be configured equally to an operating triple of the
conventional country field triples format (see Table 1). That
1s, the operating triple may include an operating extension
identifier (having a value of 201) and Operating Class and
Coverage Class fields.

A sub-band triple 1s included subsequent to the operating
triple and it 1s possible to signal a maximum allowable
transmit power of each individual channel through the
sub-band triple. An operating class, to which an 1ndividual
channel whose maximum transmit power 1s signaled through
the sub-band triple belongs, and coverage class information
of the individual channel are determined by an operating
triple prior to the sub-band triple.

Here, whether the sub-band triple 1s associated with a
contiguous channel or a non-contiguous channel may be
determined according to a range to which the value of the
first octet of the triple belongs. For example, whether the
sub-band triple 1s associated with a contiguous channel or a
non-contiguous channel may be determined such that, when
the value of the first octet of the sub-band triple 1s within a
range between 1 and 200, this indicates that the sub-band
triple 1s associated with a contiguous channel and, when the
value of the first octet 1s within a range between 202 and
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253, this indicates that the sub-band triple 1s associated with
a non-contiguous channel. Specifically, similar to the con-
ventional sub-band triple, the sub-band triple corresponds to
a First Channel Number field indicating information regard-
ing the starting point of a contiguous channel when the first
octet of the country field triple has a value of a positive
integer less than 201 and corresponds to an operating triple
when the first octet of the country field triple has a value of
201 or the sub-band triple corresponds to a Channel Power
Identifier field, as in the example of Table 6, when the first
octet of the country field triple has a value of a positive
integer which 1s equal to or greater than 202 and 1s equal to
or less than 255. That 1s, whether the sub-band triple is
associated with a contiguous channel or a non-contiguous
channel 1s determined through the value of the first octet
(channel power identifier) of the sub-band triple.

In addition, when the Channel Power Identifier field of the
sub-band triple has a value 1n a range between 202 and 2355
(1.e., when the sub-band triple 1s associated with a non-
contiguous channel), the sub-band triple may include Chan-
nel Power Identifier, Channel Number, and Maximum
Transmit Power Level fields.

The Channel Power Identifier field of the sub-band triple
may be used for a purpose similar to that of the Channel
Index field of the sub-channel triple in the example of Table
3. That 1s, one channel power 1dentifier value 1s assigned to
one non-contiguous channel. In other words, sub-band
triples whose Channel Power Identifier fields have the same
value are associated with individual channels as components
of the same non-contiguous channel.

The Channel Number field of the sub-band triple indicates
a channel number of an individual channel. Here, the term
“individual channel” refers to a minimum unit as a compo-
nent of a non-contiguous channel. The Maximum Transmit
Power level field of the sub-band triple indicates the maxi-
mum allowable transmit power of a non-contiguous channel.
The maximum allowable transmit powers of individual
channels which constitute a non-contiguous channel may be
set to the same level or may be set to diflerent levels to
improve performance.

For example, let us assume 1n the example of FIG. 13(a)
that the value of a Channel Power Identifier of one non-
contiguous channel expressed as CH index 0 1s 202. In this
case, the 3 octets of the first sub-band triple in the example
of Table 6 may have values corresponding to {202, CHI,
100 mW } and the 3 octets of the second sub-band triple may
have values corresponding to {202, CH3, 40 mW}.

Table 7 illustrates a new country field triples format
according to another embodiment of the present invention.

TABLE 7

Name 1% Octet 274 Octet 3" Octet

Operating Triple Channel Power Operating Coverage Class
Identifier (202-255) Class

Sub-band Triple Channel Power Channel Maximum
Identifier (202-255) Number Transmut

Power Level

Operating Triple Channel Power Operating Coverage Class
Identifier (202-255) Class

Sub-band Triple Channel Power Channel Maximum
Identifier (202-255) Number Transmut

Power Level

Unlike the example of Table 6, the example of Table 7

may also be applied to the case 1n which individual channels
which are components of one non-contiguous channel
belong to different operating classes. That 1s, while the
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example of Table 6 1s limited to the case in which a
non-contiguous channel 1s constructed of channels belong-
ing to one operating class, the example of Table 7 can
support the case in which one non-contiguous channel 1s
constructed of a plurality of individual channels even when
the operating classes of the individual channels are diflerent.

When the values of the operating classes to which the
individual channels belonging to one non-contiguous chan-
nel are different, an operating triple and a sub-band triple
may be repeated as 1n the example of Table 7.

While the first octet (operating extension 1dentifier) of the
conventional operating triple may have a value of 201 to
identify the triple as an operating triple, the first octet of the
operating triple modified as 1n the example of Table 7 may
have a value 1n a range between 202 and 255. In this case,
it 1s indicated that the operating triple 1s associated with a

non-contiguous channel and the first octet of the operating
triple has the same meaning as the channel power 1dentifier
of the sub-band triple of Table 6. That 1s, when the {first octet
ol the operating triple has a value 1n a range between 202 to
255 (1.e., when the first octet 1s a channel power 1dentifier),
this can signal that the operating class and coverage class of
the operating triple are applied to a non-contiguous channel
corresponding to the value of the channel power identifier.

For example, let us assume 1n the example of FIG. 13(a)
that the first non-contiguous channel (CH index 0) corre-
sponds to a channel power identifier value of 202 and the
second non-contiguous channel (CH index 1) corresponds to
a channel power 1dentifier value of 203. Let us also assume
that CH1 of the first non-contiguous channel corresponds to
operating class 0 and coverage class 0, CH3 of the first
non-contiguous channel corresponds to operating class 3 and
coverage class 1, CH4 of the second non-contiguous channel
corresponds to operating class 3 and coverage class 1, and
CH6 of the second non-contiguous channel corresponds to
operating class 1 and coverage class 2. In this case, if a
maximum allowable transmit power level of 100 mW 1s
signaled through CH1 and CH3 of the first non-contiguous
channel and a maximum allowable transmit power level of
40 mW 1s signaled through CH4 and CH6 of the second
non-contiguous channel, the operating class and the sub-
band triple of Table 7 may have values as shown in the
following Table 8.

TABLE 8
I st octet 2nd octet 3rd octet
202 0 0
202 1 100
202 3 1
202 3 100
203 3 1
203 4 40
203 1 2
203 6 40

The various examples of the country field triplets format
which can signal the maximum allowable transmit power of
a non-contiguous channel (or an individual channel belong-
ing to a non-contiguous channel) when the maximum allow-
able transmit power 1s signaled through a country informa-
tion element (see FIG. 1) have been described above with
reference to Tables 1 to 8. However, the principle of the
present 1nvention 1s not limited to use of the country
information element. That 1s, the principle of the present
invention may be applied to a new format of information
clement.



US 9,769,774 B2

23

For example, the new format of information element may
be referred to as a channel power information element.
Basically, the channel power information eclement may
include a channel number field and a maximum transmait
power level field of an individual channel belonging to a
channel group (for example, a non-contiguous channel). The
channel power information element may further include an
operating class field and/or a coverage class field belonging
to a non-contiguous channel (or an individual channel
belonging to a non-contiguous channel). The channel power
information element may further include an identifier field
ol a non-contiguous channel (for example, a channel 1ndex
field as 1n the example of Table 3 or a channel power
identifier field as 1n the example of Table 6 or Table 7).
Alternatively, the channel power information element may
not include an identifier field of a non-contiguous channel
but may instead include a field indicating the number of
individual channels belonging to a non-contiguous channel
(for example, a Number of Channels field as 1n the example
of Table 5).

FIG. 14 exemplanly illustrates a format of a channel
power information element to which the present invention 1s
applied. In examples of FIG. 14, the channel power infor-
mation element need not include the Channel Power Iden-
tifier field (1.e., a field having a value which can i1dentily a
channel power triple) in the example of Table 3 or Table 5
and also need not include the coverage class field as appro-
priate. In all examples of FIG. 14, an Element ID field may
have a value indicating the information element 1s a channel
power mformation element and a Length field may have a
value indicating the length of subsequent fields.

Specifically, FIG. 14(a) illustrates an example in which a
channel power information element includes an identifier
field of a non-contiguous channel (for example, a Channel
Index field). For example, 4 fields, a Channel Index field, an
Operating Class field, a Channel Number field, and a Maxi-
mum Transmit Power Lever field, may be repeated the same
number of times as the number of individual channels whose
maximum transmit power 1s to be signaled. The Channel
Index field may have a value of an 1dentifier a non-contigu-
ous channel to which the individual channel belongs, the
Operating Class field may have a value of an operating class
to which the individual channel belongs, the Channel Num-
ber field may have a value of a channel number 1dentifying
the individual channel, and the Maximum Transmit Power
Lever field may have a maximum transmit power value that
1s to be applied to the individual channel. Using the channel
power information element of FIG. 14(a), 1t 1s possible to
clearly idicate which individual channel belongs to which
non-contiguous channel.

FIG. 14(b) 1llustrates an example in which a channel
power information element includes a field indicating the

number of individual channels (1.e., a Number of Channels
ficld). In the example of FIG. 14(5), 3 fields, an Operating

Class field, a Channel Number field, and a Maximum
Transmit Power Lever field, may be repeated the same
number of times as the number of individual channels whose
maximum transmit power 1s to be signaled.

In the example of FIG. 14(b), the Number of Channels
field may correspond to the number of individual channels
which constitute one non-contiguous channel or may corre-
spond to the number of individual channels whose maxi-
mum transmit power 1s signaled. In the former case, an
additional repeated form may be included as shown in FIG.
14(c) 1 order to construct a channel power information
clement for a plurality of non-contiguous channels. In the
latter case, the Number of Channels field does not clearly
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indicate that individual channels whose maximum transmit
power 1s signaled constitute one non-contiguous channel but
instead 1t 1s possible to signal the maximum transmit power
ol each individual channel with minimal overhead.

FIG. 14(c) shows a format of a channel power information
clement which signals the maximum transmit power of a
plurality of non-contiguous channels when the Number of
Channels field indicates the number of individual channels
which constitute one non-contiguous channel. First, a Num-
ber of Channels field indicating the number of individual
channels belonging to a first non-contiguous channel may be
included subsequent to Element ID and Length fields and,
subsequently, an Operating Class field, a Channel Number
field, and a Maximum Transmit Power Level field may be
repeated a number of times corresponding to the value of the
Number of Channels filed of the first non-contiguous chan-
nel. Next, a Number of Channels field of a second non-
contiguous channel may be included and, subsequently, an
Operating Class field, a Channel Number field, and a Maxi-
mum Transmit Power Level field may be repeated a number
of times corresponding to the value of the Number of
Channels filed of the second non-contiguous channel.

FIG. 15 illustrates a method of transmitting and receiving,
maximum transmit power information according to an
example of the present invention.

In step S1510, an AP may generate a frame including an
Operating Class field, a Channel Number field, and a Maxi-
mum Transmit Power Level field. This frame may be used
to signal the maximum transmit power level of each indi-
vidual channel of a non-contiguous channel (1.e., a channel
group including individual channels which are non-contigu-
ous 1n the frequency domain). The frame may further
include a Channel Group Identifier field (the Channel Index
fiecld i the example of Table 3 or the Channel Power
Identifier field in the example of Table 6 or Table 7). The
frame may further include a field associated with the number
of channels included 1n the channel group.

In step S1520, the AP may transmit the frame generated
in step S1510 to an STA and, 1n step S1530, the STA may
receive the frame from the AP.

In step S1540, the STA may perform communication
through a specific channel according to maximum allowable
transmit power indicated for the channel using information
included in the frame received from the AP. Accordingly, the
STA can smoothly perform communication 1n the
whitespace while avoiding interference to an adjacent
incumbent user.

The method of transmitting and receiving maximum
transmit power according to an example of the present
invention described above with reference to FIG. 15 may be
implemented such that the features of each of the various
embodiments of the present mnvention described above are
independently applied to the method or 2 or more of the
various embodiments of the present invention are simulta-
neously applied to the method and redundant descriptions
are omifted herein for clear explanation of the present
invention.

FIG. 16 15 a block diagram 1llustrating a configuration of
a wireless device according to an embodiment of the present
invention.

An AP 700 may include a processor 710, a memory 720,
and a transceiver 730. An STA 750 may 1nclude a processor
760, a memory 770, and a transceiver 780. The transceivers
730 and 780 may transmit/receive radio signals and may be
implement, for example, a physical layer according to the
IEEE 802 system. The processors 710 and 760 are connected
to the transceivers 730 and 760 and may implement a
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physical layer and/or a MAC layer according to the IEEE
802 system. The processor 710 may control operations of the
AP for generating and transmitting an information element
(or frame) including maximum allowable transmit power
information according to the various embodiments of the
present invention described above. The processor 760 may
control the STA to recerve an information element (or frame)
including maximum allowable transmit power information
according to the various embodiments of the present inven-
tion described above and to perform communication through
a specific channel according to a maximum allowable trans-
mit power level indicated for the channel according to a
value indicated by the information element (or frame). The
processors 710 and 760 may be configured to perform
wireless communication through the transceivers 730 and
780. Modules for implementing operations of the AP and the
STA according to the various embodiments of the present
invention described above may be stored in the memories
720 and 770 and may be executed by the processors 710 and
760. The memories 720 and 770 may be included in the
processors 710 and 760 or may be installed outside the
processors 710 and 760 and may be connected to the
processors 710 and 760 through a known means.

The detailed configurations of the AP and the STA
described above may be implemented such that each of the
various embodiments of the present mvention described
above 1s 1ndependently applied or 2 or more thereol are
simultaneously applied to the AP and the STA and redundant
descriptions are omitted herein for clear explanation of the
present mvention.

The embodiments of the present mmvention described
above may be implemented by various means. For example,
the embodiments of the present invention may be 1mple-
mented by hardware, firmware, software, or any combina-
tion thereof.

In the case 1n which the present invention 1s implemented
by hardware, the methods according to the embodiments of
the present invention may be implemented by one or more
Application Specific Integrated Circuits (ASICs), Digital
Signal Processors (DSPs), Digital Signal Processing
Devices (DSPDs), Programmable Logic Devices (PLDs),
Field Programmable Gate Arrays (FPGAs), processors, con-
trollers, microcontrollers, microprocessors, or the like.

In the case 1n which one or more embodiments of the
present invention are implemented by firmware or software,
the methods according to the embodiments of the present
invention may be implemented in the form of modules,
processes, functions, or the like which perform the features
or operations described below. Software code can be stored
in a memory unit so as to be executed by a processor. The
memory unit may be located inside or outside the processor
and can communicate data with the processor through a
variety of known means.

The detailed description of the preferred embodiments of
the present invention has been given to enable those skilled
in the art to implement and practice the invention. Although
the mvention has been described with reference to the
preferred embodiments, those skilled 1n the art will appre-
ciate that various modifications and variations can be made
in the present mnvention without departing from the spirit or
scope ol the invention described in the appended claims.
Accordingly, the invention should not be limited to the
specific embodiments described herein, but should be
accorded the broadest scope consistent with the principles
and novel features disclosed herein.

Although the various embodiments of the present inven-
tion have been described above mainly with reference to an
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IEEE 802.11 system, the present invention may be applied
in the same manner to various mobile communication sys-
tems.

What 1s claimed 1s:

1. A method for receiving, by a station (STA) from an
access point (AP), operating class information, the method
comprising;

recerving, by the STA, a frame including a country

element,

wherein the country element includes one or more oper-

ating/subband sequences,

wherein an operating/subband sequence includes an oper-

ating triplet, and the operating triplet includes an oper-
ating extension identifier field, an operating class field
and a coverage class field,

wherein, 11 a predetermined condition 1s met, the method

further comprises:

identifying, at the STA, that information on the country
clement 1s for two frequency segments having an
equal width; and

performing transmission of signals using the two 1fre-
quency segments based on the information on the
country element,

wherein the predetermined condition i1s that the received

frame comprises two consecutive operating/subband
sequences, a first operating triplet of the two consecu-
tive operating/subband sequences indicates a specific
behavior mode and a second operating triplet of the two
consecutive operating/subband sequences indicates a
behavior mode other than the specific behavior mode,
and

wherein, 1 the predetermined condition 1s not met, the

method further comprises:
identifying, at the STA, that the information on the
country element 1s for one frequency segment; and

performing transmission ol signals using the one fre-
quency segment based on the information on the coun-
try element.

2. The method of claim 1, wherein 11 the received frame
comprises a single operating/subband sequence, or if an
operating triplet of the single operating/subband sequence
indicates a behavior mode other than the specific behavior
mode, the STA 1dentifies that the information on the country
clement 1s for one frequency segment.

3. The method of claim 1, wherein the operating extension
identifier field includes an integer value of 201 or greater.

4. The method of claim 1, wherein the two frequency
segments having the equal width are non-contiguous chan-
nel width 1 a frequency domain.

5. The method of claim 1, wherein the one frequency
segment 15 a contiguous channel width 1 a frequency
domain.

6. The method of claim 2, wherein the single operating/
subband sequence further includes a subband triplet, and the
subband triplet includes a first channel number field, a
number of channels field and a maximum transmit power
level field.

7. The method of claim 1, wherein the frame 1s a beacon
frame or a probe response frame.

8. A station (STA) apparatus for receiving operating class
information from an access point (AP), the STA apparatus
comprising;

a transceiver; and

a Processor,

wherein the processor 1s configured to control the trans-

ceiver to receive a frame including a country element,
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wherein the country element includes one or more oper-
ating/subband sequences,

wherein an operating/subband sequence 1includes an oper-
ating triplet, and the operating triplet includes an oper-
ating extension identifier field, an operating class field >
and a coverage class field,

wherein the processor 1s further configured to identify that
information on the country element 1s for two {ire-
quency segments having an equal width and perform
transmission of signals using the two frequency seg-
ments based on the information on the country element,
when a predetermined condition 1s met,

wherein the predetermined condition 1s that the frame
comprises two  consecutive  operating/subband
sequences, a first operating triplet of the two consecu-
tive operating/subband sequences indicates a specific
behavior mode and a second operating triplet of the two
consecutive operating/subband sequences indicates a

behavior mode other than the specific behavior mode, 20

and

wherein the processor 1s configured to i1dentily that the
information on the country element 1s for one fre-
quency segment and perform transmission ol signals
using the one frequency segment based on the infor-
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mation on the country element, when the predeter-
mined condition 1s not met.

9. The STA apparatus of claim 8, wherein 11 the received
frame comprises a single operating/subband sequence, or 1f
an operating triplet of the single operating/subband sequence
indicates a behavior mode other than the specific behavior
mode, the processor identifies that the mmformation on the
country element 1s for one frequency segment.

10. The STA apparatus of claim 8, wherein the operating
extension i1dentifier field includes an integer value of 201 or

greater.

11. The STA apparatus of claim 8, wheremn the two
frequency segments having the equal width are non-con-
tiguous channel width 1n a frequency domain.

12. The STA apparatus of claim 8, wherein the one
frequency segment 1s a contiguous channel width i a
frequency domain.

13. The STA apparatus of claim 9, wherein the single
operating/subband sequence further includes a subband trip-
let, and the subband triplet includes a first channel number
field, a number of channels field and a maximum transmit
power level field.

14. The STA apparatus of claim 8, wherein the frame 1s a
beacon frame or a probe response frame.
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